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Abstract:  31 
 32 
Objectives: The Professional Rugby Injury Surveillance Project is the largest and longest running rugby union 33 
injury surveillance project globally and focuses on the highest level of rugby in England. Methods: We examined 34 
match injuries in professional men’s rugby over the period 2002/03 to 2018/19 and described trends in injuries 35 
over this time. Results: Over the period 2002/03-2018/19, 10,851 injuries occurred in 124,952 hours of match 36 
play, equating to a mean of 57 injuries per club per season and one injury per team per match. The mean incidence, 37 
severity (days absence) and burden (days absence/ 1000 hours) of injury were 87/1000 hours (95% CIs: 82-92), 38 
25 days (95% CIs: 22-28) and 2178 days/1000 hours (95% CIs: 1872-2484), respectively. The tackle accounted 39 
for 43% injuries with running the second most common activity during injury (12%). The most common injury 40 
location was the head/face with an incidence of 11.3/ 1000 hours, while the location with the highest overall 41 
burden was the knee (11.1 days/ 1000 hours). Long term trends demonstrated stable injury incidence and 42 
proportion of injured players, but an increase in the mean and median severity of injuries. Concussion incidence, 43 
severity and burden increased from the 2009/10 season onwards and from 2011 to 2019 was the most common 44 
injury. Conclusion: The rise in overall injury severity and concussion incidence are the most significant findings 45 
from this work and demonstrate the need for continued efforts to reduce concussion risk as well as a greater 46 
understanding of changes in severity over time.  47 
 48 
What are the new findings?  49 
• This is the largest injury surveillance study globally in professional rugby union, with nearly 11,000 50 
injuries recorded over a 16-season period 51 
• Injury incidence and the proportion of players injured each year remained stable between the 2002/03 52 
and 2018/19 seasons 53 
• Between the 2002/3 and 2018/19 seasons, there was a significant rise in the mean and median severity 54 
of injuries.  55 
• The incidence, severity and burden of concussion rose dramatically between 2010/11 and 2016/17 56 
 57 
How might this impact on clinical practice in the near future?  58 
• Identifies the need for more focused studies examining specific body locations including the knee, 59 
ankle and shoulder.  60 
• Provides medical teams with expected injury rates and severities for rugby related injuries, to inform 61 
inter-departmental return to play strategies within clubs 62 
• Supports the ongoing need for injury prevention strategies to mitigate risk in the tackle.  63 
  64 
INTRODUCTION: 65 
Rugby Union (herein referred to as ‘rugby’) is a field-based collision team sport comprising both low and high 66 
intensity periods of exercise(1). In comparison to other team sports, the incidence and severity of injury in 67 
professional rugby is relatively high (83/1000 hours(2) and 37 days per injury(3) respectively). The majority of 68 
previous injury surveillance studies in professional club rugby have been limited to one or two seasons(3-5); 69 
Professor Schwellnus and colleagues(6) reported on five seasons of data. Multiple season, league-wide data is of 70 
substantially greater benefit, allowing injury trends to be examined as well as providing a larger sample size to 71 
give greater confidence in the data (especially when breaking injuries down into smaller injury categories). We 72 
aimed to examine match injuries in professional rugby over the period 2002 to 2019 and to describe trends in 73 
injuries over this period.  74 
 75 
METHODS: 76 
 77 
Participants: 78 
In the 2002/03 to 2018/19 seasons (August to June), a mean of 576 (standard deviation (SD):98, range:413-763) 79 
players consented to participate in the study per season, with a total of 9213 player-seasons (3006 unique players). 80 
Data were collected from the 16 clubs (12 per season) in the top tier of English rugby with a mean squad size for 81 
the period of 48 players per season [range: 34 (2002/03 season) to 64 (2018/19 season)]. Match exposure and 82 
injury data were recorded daily by club conditioning and medical staff as part of the Professional Rugby Injury 83 
Surveillance Project (which is a mandated for all teams playing in the competition) and includes all match injuries 84 
from the Premiership, the National Cup and European Cups. Each team played 22 Premiership games each year 85 
with four teams involved in semi-finals and two in the final, while European and National Cup exposure was 86 
based on the success of English teams in those competitions. Individual informed consent was obtained from first-87 
team eligible players on a yearly basis. The study was subject to ethical approval from the host academic 88 
institutions (University of Leicester (2002-2007), University of Nottingham (2007-2012) and University of Bath 89 
(2011-2019).  90 
 91 
Procedures: 92 
From 2002/03 to 2012/13, data were collected using a paper-based format and then entered into a database at the 93 
host institution(7). From the 2013/14 season, injury data were captured directly from the injury surveillance 94 
section of an on-line clinical electronic medical record keeping system, “Rugby Squad” (The Sports Office, UK 95 
Ltd)(7). For each injury reported, information including injury type, site, activity causing injury and severity was 96 
collected(7). An injury was defined as “any injury that resulted in a player being unable to take a full part in future 97 
rugby training or match play for more than 24 hours from midnight at the end of the day the injury was 98 
sustained”(7). Injury severity was defined as the number of days lost from match play or training, with the injury 99 
return date set as the day the player was deemed fully fit to play by the club medical staff, irrespective of whether 100 
a match or training was planned for that day(7). Match exposure was calculated as the number of matches per 101 
club multiplied by the number of players exposed (fifteen), multiplied by the time exposed [1.33 hours (80 min)]. 102 
Data capture was overseen by a lead researcher at the host institution, who implemented a quality control process 103 
to ensure all injury details were captured on a regular basis, as well as a validation of all reported match injuries 104 
using match report cards completed by match officials (as of the 2016/17 season). This process conforms with the 105 
IOC consensus statement for injury epidemiology studies (8).  106 
 107 
Data Analysis 108 
Injury incidence was calculated as the count of injuries per 1000 player-match-hours (approximately 25 109 
matches)(4, 9). Mean severity was calculated as the total sum of days absence divided by the total count of injuries, 110 
while median severity was calculated as the midpoint of the range of injury severities within the dataset. Both the 111 
mean and median were calculated to account for the potential skew in mean severity caused by a small number of 112 
long term injuries. Injury burden was calculated as the product of mean severity and incidence to give the number 113 
of days absence per 1000 player-match-hours(4, 9). Incidence, severity and burden were calculated each season 114 
to identify trends over time. Injuries which led to a player retiring from the sport were included in the calculation 115 
of incidence but not severity, there were 118 such cases over the 16-season period. Injuries were subdivided into 116 
four categories; 2-7 day injuries, 8-28 day injuries, 29-84 day injuries and injuries greater than 84 days(7). Linear 117 
regression was used to identify meaningful trends over time. Significance was set at p≤0.05, accompanied by 118 
95% confidence intervals. To account for the multiple tests being undertaken, p-values were adjusted using the 119 
false discovery rate method (10). All analysis were undertaken using IBM SPSS Statistics for Apple (Version 120 
24.0.0). 121 
 122 
RESULTS:  123 
Over the period 2002/03 to 2018/19, 124,953 player-hours of match exposure were recorded across 11,079 124 
matches with 10,851 time loss match injuries captured. In total, 268,343 days were missed by players as a result 125 
of match injury, with 43% of players returning to full participation after 7 days, 63% after 14 days, 71% after 21 126 
days and 77% after 28 days. Ninety-three percent of players had returned within 84 days. On average, 54% of 127 
players sustained at least one injury each season (range: 39-66%). The mean incidence of injury was 87/ 1000 128 
hours (95% CIs:82-92, Range: 62-103). The mean and median severity of injury was 25 and 9 days, respectively 129 
(95% CIs:22-28 and 8-10). The mean burden of injury was 2178 days per 1000 hours (95% CIs: 1872-2484).  130 
 131 
Position  132 
There was no significant difference in the incidence of injury in forwards compared with backs (89/ 1000 hours, 133 
95% CIs: 86-92 compared to 83/ 1000 hours, 95% CIs: 80-86). The mean and median severity of injury in both 134 
positional groups was 25 days (95% CIs: 24-25) and 9 days (95% CIs: 8-10) respectively. The burden of match 135 
injuries was not different between forwards and backs (2186 days/ 1000 hours, 95% CIs: 1286-2547 compared to 136 
2042 days/ 1000 hours, 95% CIs: 1744-2340). 137 
 138 
Activity at the time of injury 139 
Injuries associated with the tackle accounted for 43% of all injuries, with the next most common activity during 140 
injury being running (12%). Of the tackle-related injuries, 59% were to the player being tackled (21.6/ 1000 hours, 141 
95% CIs: 20.8-22.4) and 41% to the tackling player (15.0/ 1000 hours, 95% CIs: 14.3-5.7)). The greatest burden 142 
of injury was to the player being tackled, followed by the tackling player (Figure 1).  143 
 144 
************************ INSERT FIGURE 1 HERE ****************************************** 145 
 146 
Injury Location and Type 147 
The body region with the highest incidence of injury was the lower limb (45/ 1000 hours, 95% CIs: 44-47), 148 
followed by the head/neck, upper limb and trunk (Table S4). The body region with the highest injury severity was 149 
the upper limb (32 days absence, 95% CIs: 31-34), followed by the lower limb, head/neck and trunk (Table S4). 150 
When divided into more location specific grouping, injuries to the head/face had the highest incidence (11.3 /1000 151 
hours: Figure 2). Injuries to the forearm had the highest mean severity (76 days absence), but occurred infrequently 152 
(0.5/ 1000 hours, 95% CIs: 0.4-0.7). Knee injuries had the greatest burden (493 days per 1000 hours, 95% CIs: 153 
413-573) as they were among the most common (11.1/ 1000 hours, 95% CIs: 10.5-11.7) and highest severity (45 154 
days absence, 95% CIs: 42-47) injuries (Figure 2). Of the three highest burden injury types, the tackle was the 155 
cause in with 46% of ankle injuries, 45% of knee injuries and 66% of shoulder injuries.  156 
 157 
The injury type with the highest incidence was sprains and ligament injuries, which were also the highest burden 158 
with an incidence of 22.6/ 1000 hours (95% CIs: 21.8- 23.4) and a severity of 30 days (95% CIs: 29-31). The next 159 
highest burden injuries were muscle injuries followed by fractures (Figure S5). The most severe injury type was 160 
dislocation/ subluxation, with a mean severity of 74 days (95% CIs:65-83). 161 
 162 
************************ INSERT FIGURE 2 HERE ****************************************** 163 
 164 
Trends in match injuries from the 2002/03 to 2018/19 season 165 
Table 1 reports the trends in match injury data from 2002/03 through to 2018/19. The incidence (Figure 3A) of 166 
match injury was stable, while the mean severity (Figure 3B), median severity (Figure 3C) and burden (Figure 167 
3D) of match injuries rose significantly.  168 
 169 
The 2-7 day injury severity category had the highest incidence of injury (38/1000 hours, 95% CIs: 37-39; Table 170 
S3), however, this significantly decreased over time (Table 1). The incidence of injury in the 7-28 day severity 171 
category was stable with an incidence of 30/1000 hours (95% CIs: 29-31; Table S3). The incidence of injury in 172 
the 28-84 day severity category was 13/1000 hours (95% CIs: 13-14; Table S3), while the incidence of the greater 173 
than 84 day injuries was 6/1000 hours (95% CIs: 5.6-6.4; Table S3). Both of these severity categories significantly 174 
increased over time (Table 1).  175 
 176 
We calculated the incidence, severity and burden of concussion (Figure S2). Concussion incidence, mean severity, 177 
median severity and burden all increased significantly (Table 1), with a steep annual rise in the incidence and 178 
burden from the 2011/12 season onwards (Figure S2A,D). Mean concussion severity increased annually from 179 
2013/14, (Figure S2B) while median severity increased annually from 2014/15 (Figure S2C). Over the period 180 
2002/03 to 2018/19, the mean number of concussions per club per season was 6, however this ranged from 2 per 181 
club (2005/06) to 14 per club (2016/17).  182 
 183 
The incidence of non-concussion injuries decreased (ß: -1.25, 95% CIs: -2.50 to -0.01, p=0.06: Figure S6). In 184 
contrast, the severity of all injuries (excluding concussions) increased significantly (ß: 1.74, 95% CIs: 1.40 to 185 
2.08, p<0.001: Figure S7). 186 
 187 
Examining the activities causing injury with the highest burden demonstrated no significant change in the 188 
incidence in tackle (ß: 0.73, 95% CIs: -0.05 to 1.51, p=0.07) or ruck (ß: 0.10, 95% CIs: -0.08 to 0.28, p=0.25). 189 
However there was a significant decrease in the incidence of running related injuries (ß: -0.31, 95% CIs: -0.57 to 190 
-0.05, p=0.02). Over time, the number of tackle related injuries at the ankle rose significantly (ß: 1.17, 95% CIs: 191 
0.10 to 2.25, p=0.03), with no significant change at the knee (ß: 0.01, 95% CIs: -0.78 to -0.80, p=0.99) or shoulder 192 
(ß: -0.08, 95% CIs: -0.85 to 0.70, p=0.83). The incidence of injuries to the hamstrings decreased significantly (ß: 193 
-0.14, 95% CIs: -0.24 to -0.04, p=0.01), however the severity of hamstring injuries increased (ß: 1.00, 95% CIs: 194 
0.45 to 1.54, p=0.001), with no significant increase in burden (ß: 2.27, 95% CIs: -1.11 to 5.64, p=0.17). 195 
 196 
Table 1: Long term trends in match injury in rugby (2002/03 to 2018/19 seasons).  197 
Measure Beta  P-value 5 season change Trend 
Incidence -0.1 (-1.4 - 1.3) 0.93 -0.28 /1000 hours → 
Mean Severity 1.2 (0.9 - 1.4) <0.01* 5.8 days ↑ 
Median Severity 0.4 (0.3 - 0.6) <0.01* 2.1 days ↑ 
Burden 104.3 (58.6 - 150.0) <0.01* 521 days / 1000 hours ↑ 
2-7 day incidence -1.3 (-2.1 - -0.5) 0.01 * -6.4/ 1000 hours ↓ 
7-28 day incidence 0.3 (-0.1 – 0.7) 0.17 1.5/ 1000 hours → 
29-84 day incidence 0.5 (0.2 - 0.9) 0.01 * 2.7/1000 hours ↑ 
84+ days incidence 0.5 (0.3 - 0.7) <0.01 * 2.4/ 1000 hours ↑ 
Injury Proportion -0.5 (-1.3 – 0.3) 0.24 -2.35 % → 
Concussion incidence 1.2 (0.8 – 1.6) <0.01 * 6.0/ 1000 hours ↑ 
Concussion mean severity 0.5 (0.1 – 1.0) 0.04 * 2.5 days ↑  
Concussion median severity 0.1 (0.03 - 0.2) 0.02 * 0.7 days ↑ 
Concussion burden 23.8 (10.9 – 33.9) 0.04 * 119 days/ 1000 hours ↑ 
Incidence (excl. concussion) -1.25 (-2.50 - 0.01) 0.06  -6.3/ 1000 hours ↓ 
Severity (excl. concussion) 1.74 (1.40-2.08) <0.01 * 8.7 days ↑ 
Note: Beta values represent yearly change in respective values. Incidence (injuries per 1000 hours), severity (days 198 
absence per injury), burden (days absence per 1000 hours), proportion (percentage of players with at least one 199 
injury). Significant significance: * <0.05. ↑ Rising, → Stable, ↓ Falling 200 
 201 
************************ INSERT FIGURE 3 HERE ****************************************** 202 
 203 
DISCUSSION: 204 
This is the longest running and largest injury surveillance study in professional rugby, capturing nearly 125,000 205 
hours of match exposure and 10,851 time loss match injuries over 16 seasons between 2002/03 and 2018/19. This 206 
equates to a mean of 57 injuries per club per season and 1 injury per team per match. The incidence of injury was 207 
stable, while mean severity, median severity and injury burden rose significantly. Concussion incidence, severity 208 
and burden also all rose significantly. The lower limb was the most commonly injured body region; the knee 209 
represented the anatomical region with the highest injury burden. The tackle was the game event most commonly 210 
associated with injury contributing 43% of all injuries (25% player being tackled, 18% tackling player).  211 
 212 
Trends In Match Injury: 213 
A key benefit of longitudinal injury surveillance is the ability to track trends in injury over time. Over the 16 214 
season period, the overall incidence of injury did not change, however, the incidence of injuries excluding 215 
concussion decreased by a mean of 1.2/ 1000 hours each year (Figure S7). The incidence of injury (87/1000 hours) 216 
was higher than that in professional rugby in Australia (66/1000 hours(3)), but lower than South Africa (100/1000 217 
hours (6)). The severity of injuries increased over time, with an injury on average lasting 1.2 days longer per year 218 
(including concussions) and 1.7 days longer per year (excluding concussion). Mean severity of injury in this study 219 
was lower (25 days) compared with Australian professional players (40 days (3)).  220 
 221 
Explaining the changes demonstrated in this study is difficult, in part because the game has evolved, with more 222 
contact events occurring in tackles and rucks (11). Both of these match events are considered among the highest 223 
burden events (Figure 1), given their unpredictable nature and high speed contact. Over the same period, exposure 224 
to lower burden events such as scrums and lineouts has declined(11). Other possible reasons for the changes in 225 
injury severity and burden include the increasing mass and stature of players (12) as well as improvements to 226 
injury surveillance processes (improving the reporting (capture) of injuries). We note that increasing severity 227 
(longer time to return from injury) will follow if clinicians employ more conservative return to play strategies 228 
(13). Whether changes to the game or more conservative management strategies are the driving force behind the 229 
rise in severity is unknown—we speculate that both are likely at play. Injury surveillance alone cannot determine 230 
the causal nature of this change, and different study designs are required to answer this question. Further research 231 
might incorporate mixed methods (both qualitative and quantitative) to establish the causes of increasing severity 232 
of injury.  233 
 234 
Concussion:  235 
While concussion was not the focus of this study, it has emerged as the most common injury in rugby since 2011. 236 
The study mean concussion incidence does not portray the changes in concussion reporting over time, nor the 237 
potential importance of changes in concussion recognition tools and more conservative return to play strategies. 238 
In our study, concussion increased in incidence, but also in severity and thus burden (Figure S2) and this extends 239 
findings reported in other elite rugby settings(6).  240 
 241 
In an effort to improve concussion recognition and management a number of tools have been introduced, including 242 
an off-field in-game assessment as part of the Head Injury Assessment (HIA) protocol(14) in 2012/13, real-time 243 
pitch-side video review for medical staff of head injury events in 2017 and the introduction of independent match 244 
day doctors to identify significant head injury events and supervise the application of the HIA protocol in 2018. 245 
We opine that these interventions increased clinicians’ recognition of concussion in professional rugby, however 246 
it is still to be determined whether the increase in reported concussions is due to this awareness alone, or due to 247 
an increase in the rates of concussion itself(15). It is incontrovertible that the current rates of concussion in 248 
professional rugby are consistently high (accounting for an average of 21% of all injuries in the five seasons from 249 
2014/15 to 2018/19) and governing bodies should continue to investigate strategies to lower the risk.  250 
 251 
Activity causing injury—tackles and more  252 
The most common activity causing injury was the tackle (43% of all injuries, 25% to the player being tackled, 253 
18% to the tackling player: Figure 1). The mean proportion of injuries from tackles was 43%. This mean figure is 254 
slightly lower than those documented in South Africa, with 50% of all injuries linked to the tackle in that 255 
setting(6), however the yearly proportion in this study ranged from 36 to 52%. The tackle accounts for an injury 256 
burden of 987 days absence per 1000 hours of match play, which is nearly 4 times higher than the next highest 257 
burden activity (Running: 270 days absence/ 1000 hours: Figure 1). Nevertheless, efforts to reduce the injury risk 258 
in the tackle are hampered by the frequency and dynamic and unpredictable nature of this game event. Despite 259 
this, several law variations for reducing the risk of injury in the tackle are being considered (16), with one law 260 
variation to reduce the legal height of the tackle having been evaluated in the second tier of professional rugby in 261 
England (17).  262 
 263 
With a lower legal tackle height, incidence of all injuries did not change and neither did overall concussion 264 
incidence, but the incidence of concussion while tackling increased, which demonstrates the challenges associated 265 
with improving safety in this high risk component of the game. While the focus of many injury prevention 266 
strategies have been on concussion, it must not be overlooked that the three highest burden injury locations in 267 
rugby are the ankle, knee and shoulder (Figure 2). Given that a high proportion of injuries to these body locations 268 
are associated with the tackle (ankle: 46%, knee: 45% and shoulder 65%), investigations and injury prevention 269 
strategies targeted at these sites should be considered alongside those specific to concussion.  270 
 271 
Running and ruck make up the second and third highest burden activity causing injury in rugby, with the incidence 272 
of running injuries decreasing significantly over the study period (Figure 1). No significant changes have occurred 273 
in the incidence of ruck related injuries; however, given recent evidence suggesting inconsistent law application 274 
in the professional game(18), this may be an area that could benefit from an injury prevention focus.  275 
 276 
Limitations 277 
We acknowledge several limitations. Over the course of the 16 seasons in this study, the project has been led by 278 
a number of researchers using a number of methods in line with the consensus statement for injury surveillance 279 
in rugby union(7). We aimed to ensure the continuity of methods among researchers over this time period but it 280 
is likely that small systematic changes occurred over time.  281 
 282 
Larger changes in the system include the change from a paper-based recording system to a web based platform in 283 
2012, as well as the change from a three digit Orchard code (OSICS-8) to a four digit Orchard code (OSICS-284 
10)(19). One of the difficulties associated with studies of this type is validating the data input into the system 285 
(while avoiding double entry of data)(20). To address this, a number of quality control processes have been added 286 
to the data collection. During each match, a match report card is completed by an official, which notes the reasons 287 
for substitutions (tactical, injury, blood substitution, head injury assessment etc.). These report cards are cross-288 
referenced against match injuries entered into the database to ensure that all injuries sustained are captured. 289 
Furthermore, concussions reported in the database were crosschecked with CSx (concussion management mobile 290 
application) data to ensure all concussions are logged correctly. Finally, before data were analysed, all injuries 291 
were checked for duplicates and inconsistencies. We gained final approval of the included injuries from the 292 
medical lead in each club. These practices ensure data quality and are in-line with those included in the 2020 293 
International Olympic Committee consensus statement on injury surveillance(8).  294 
 295 
Summary and conclusion 296 
Over the course of 16-seasons, the incidence of injury remained stable, while injury severity and burden rose 297 
steadily. Our study provides insight for future investigation into specific areas of interest, including activities such 298 
as the scrum, ruck and tackle as well as specific injury types such as concussion. These data provide an important 299 
resource for practitioners working within the sport, as to the most common and highest burden injuries.  300 
 301 
We call  for studies examining the specific types and activities causing injury associated with commonly injured 302 
body locations such as the knee, shoulder and ankle. We also call for continued support from all stakeholders for 303 
this important prospective study which informs injury prevention strategies and thus, has the potential to influence 304 
player welfare in professional rugby.  305 
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Figure Titles:  334 
 335 
Figure 1: Injury burden as a function of activity causing injury for the seasons 2002/03 to 2018/19. The Y-axis 336 
represents incidence (number per 1000 player-hours) while the X-axis represents mean severity (days 337 
absence)(21). Green line: values to the left and below represent the under the 25th burden percentile, these are 338 
low risk injuries. Orange line: values to the left and below represent the under the 50th burden percentile, these 339 
are low-medium risk injuries. Red line: values to the left and below represent the under the 75th burden percentile, 340 
these are medium-high risk injuries. Values to the right and above the red line are the most high risk injuries.  341 
 342 
Figure 2: Injury burden as a function of body site for the seasons 2002/03 to 2018/19. The Y-axis represents 343 
incidence (number per 1000 player-hours) while the X-axis represents mean severity (days absence). Green line: 344 
values to the left and below represent the under the 25th burden percentile, these are low risk injuries. Orange 345 
line: values to the left and below represent the under the 50th burden percentile, these are low-medium risk 346 
injuries. Red line: values to the left and below represent the under the 75th burden percentile, these are medium-347 
high risk injuries. Values to the right and above the red line are the most high risk injuries.  348 
 349 
Figure 3: Trends in match injury incidence (A), mean severity (B), median severity (C), burden (D), proportion 350 
(E). No data were collected during the 2004-05 season. Dotted grey lines represent 2 standard deviations from 351 
the mean for the whole period (depicted by grey dashed line)  352 
 353 
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